Lots of operation and maintenance results show that detection of the power frequency grounding resistance of transmission towers is not enough to ensure its lightning protection performance for transmission lines, which means the characteristic of grounding device under the lightning stoke should be discovered. To obtain impulse grounding impedance (IGI) characteristics for the grounding device of transmission tower, a portable miniaturized instrument was designed and developed. It can output the 8/20 µs standard lightning currents with simultaneous measurement of the response transient voltage wave shapes, then the corresponding IGI can be calculated with the wave shapes of current and voltage. Tests were made to 10kV transmission towers in the field, while the analyze results show that the instrument is convenient and practical for use, the testing method is simple to application and the test results can accurately reflect the basic physical properties of the grounding device of 10kV transmission towers.
INTRODUCTION
Impulse grounding impedance (IGI) of the grounding device of transmission tower is one the important parameters to evaluate the lightning protection and grounding performance for the transmission lines and their equipment's. Under a special case, the probability of the back flashover of the transmission lines is decided by the grounding device impedance, especially the IGI [1] . Therefore, the impact of transient characteristics of grounding device of the transmission tower under the lightning currents, is an urgent need and very necessary to investigate and solve the real problem existing [2] . Currently, lots of research works [3] are mainly concentrated in simulation model of equivalent IGI, theoretical calculation [4] and experimental tests in laboratory of different transmission line grounding devices [5] . But various analysis methods did not reach a consensus [6] , and IGI of the detection devices used in field tests are so few to see in the related reports or references. _____________________________ Considering many large cruise vehicles and equipments cannot reach to the towers of transmission lines, so a portable miniaturized instrument with convenient operation is needed urgently. In this paper, under the introduction of some result given in the reference, the novel IGI detection device for the grounding device of transmission towers is introduced again, which is so convenient and practical that can stably outputs current waveshapes with parameters of 8/20 µs as the incident wave into the grounding device, then measure the voltage waveshapes which are the transient response of the grounding device. At last, calculation and analysis are processed to obtain the IGI of the grounding device of the transmission tower. In the following, after the introduction of the portable miniaturized instrument with convenient operation, on-site tests during the daily maintenance to some towers of 10kV transmission lines are shown with the detection data and the corresponding analyzed results, respectively.
PORTABLE MINIATURIZED INSTRUMENT FOR IGI DETECTION
The specific principle block diagram of the IGI detection device designed and developed is shown in Figure 1 [7] . The impulse signal generating unit is mainly composed of six modules, including of a boost conditioning module (BCM), a capacitance charging module (CCM), a D/A conversion module (DCM), a preset waveform module (PWM) used for the waveshapes memory, a power amplification module (PAM) and a switch control output module (SCOM). The BCM is used to boost the DC low amplitude signal to a high voltage signal, and regulates the voltage to achieve the function and application requirements. At the same time, the DCM is used to call a preset waveshape of 8/20 µs, which belongs to a kind of standard lightning digital signal, and converts it to an analog signal, then sends it to the PAM under the control of the software program. In the next, with application of CCM to discharge energy, combined with the selected waveshape parameters (including the wave front time and half peak time) modulates the output test impulse signal with the PAM to get enough signal amplitude, then the SCOM makes an impulse test current signal output with 8/20 µs in time domain. The IGI detection device developed is shown in Figure 2 (a) according to the specific principle block diagram shown in Figure 1 . A typical test result of waveshapes of the injection current and the transient response voltage to a grounding device is given in Figure  2 (b) with the detection method for on-site test described in Figure 2 
IGI DETECTION AND RESULTS ANALYSIS

Igi Detection
With this developed device shown in Figure 2 (a) and according to detection method for on-sit test shown in Figure 2 (c), tests were done to four 10kV transmission towers shown in Figure 3 . While the detection method for on-sit test is adopted according to the DL/T 266-2012 "Guide for measurement of impulse grounding grid parameter" [8] and DL/T 887-2004 "Power frequency ground resistance measurement for poles & towers" [9] . The corresponding detection results of the waveshapes of the injection current and the transient response voltage are shown in Figure 4 , while 3 tests were did to a same transmission tower one by one. Figure 3 is the pictures of the on-site tests to the four 10 kV transmission towers. Figure  4 gives the result of 8/20 µs current waveshape and the synchronously measured voltage waveshape under the sample rate of 5 MS/s for the fast variation of the signal. All the results prove the feasibility, usability and practicability of the developed portable miniaturized instrument. The results analysis using those signals of current and voltage waveshapes recorded is introduced in the following. 
Results Analysis
According to the DL/T 266-2012 "Guide for measurement of impulse grounding grid parameter" and DL/T 887-2004 "Power frequency ground resistance measurement for poles & towers", the analysis to the IGI detection results of current and voltage waveshapes shown in the Figure 4 are defined as following:
The parameters values of analysis for detection results shown in Figure 4 can be obtained according to the calculation formulas (1)~(3), are given in the Table 1 from the first column to the third column, while the measured power frequency grounding resistance R 50 simultaneously are also given in the fourth column of Table I. For each 10kV towers, three tests were did to ensure get the stable and typical IGI detection result. Among those values, the Mean and Median values of R are 6.606 Ω and 6.387 Ω respectively, which meet the standard requirements. Most of the test power tower grounding resistance and IGI values are close, for the inductance of the grounding device of 10kV tower is relatively small. 
CONCLUSION
In order to facilitate the IGI test of grounding device for transmission tower, a portable miniaturized instrument with convenient operation is developed, which can stably output the 8/20 µs standard lightning currents with simultaneous measurement of the response transient voltage waveshapes, then the corresponding IGI can be calculated with the waveshapes of current and voltage. Tests were made to four 10kV transmission towers in the field. According to the DL/T 266-2012 "Guide for measurement of impulse grounding grid parameter" and DL/T 887-2004 "Power frequency ground resistance measurement for poles & towers", all the analyzed results show that the instrument is convenient and practical for use, the testing method is simple to application and the test results can accurately reflect the basic physical properties of the grounding device of 10kV transmission towers. And considering the needs of operation and maintenance to power equipments, tests and date recording using the portable miniaturized instrument should do to other towers with high voltage levels, even the substations.
